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Introduction 1 Data 2

Tide gauges in the southeastern North Sea show significant changes in the local tidal regime So far we have collected 64 tide gauges in the North Sea for our analyzes with different temporal
since the middle of the 20th century. While Mean Sea Level (MSL) roughly follows the global resolutions. The data availability before 1955 is rather low and there are frequent data gaps, Iin
trend over the last 150 years, analyzes of mean tidal high and low waters show clearly particular before the 1970s.
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A Fig. 2: The 64 tide gauge locations in the North Sea used in this study. The color indicates the avail-
able years between 1955 and 2015 at each location.

Observations and methods 3 Implementation of a
To identify and to better understand the causes of the increase in tidal range we first focus on the numerical hlgh
N assessment of spatial and temporal changes at individual tide gauges in the entire North Sea basin. .
» To do so we apply linear and nonlinear trend approaches (here a Singular System Analysis (SSA)). Fig. rESOIUtlan mOdEI

3 displays the differences in nonlinear trend development of tidal range between Immingham as
representative of the east coast of the United Kingdom and Dagebull and Cuxhaven as repre-
sentatives of the southeastern coastline of the North Sea. While the trend for Immingham starts to
slightly decrease in the 1970s, the trend for Dageblll shows a strong increase since the 1950s.
Cuxhaven on the other hand also begin to rise in the 1950s, but flattens out a little after 1980.
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In addition to the methods of time series
analysis, the numerical high-resolution
model HAMSOM (Hamburg Shelf Ocean
Model) is currently implemented. We use
an Arakawa C-grid with a resolution of
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series length due to data gaps in
individual records. To solve this
problem, we used a Gaussian
Process Regression (Ordinary Kri-
ging) for filling available data gaps =L

and interpolate tidal range changes Time (o

along the entire coastlines back to 1970. After filling available data gaps with Kriging,
the spatial pattern becomes more homogeneous (Fig. 4 b, ¢) and the trend uncertainty
is significantly reduced at several sites (Fig. 4 c).

[9)]
(o]

Latitude [°]

4

t
5]

Trend rates [mm/a]
o

g

[4)]
w

Linear trends between 1972 and 2010 [mm/a]

w0
5%}

(4
'y

< Fig. 5:
Linear trends of
the amplitudes

&
w

= | Additionally, Kriging allows a spatial mapping along the entire coastline (Fig 4. b), which T ;’che;tiggeée;nd
£ enables estimations of spatial patterns along the entire coastline. The divergent pattern £ 5010 for all 64
g of decreasing trends in the west and increasing trends in the east becomes more evident, & 8 tide gauge loca-
s | but we still find local patterns, which counteract the spatial patterns seen at nearby sites. . & tions along the
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A Fig. 4: Linear trends of tidal range between 1972 Furthermore, the large-scale pattern suggests a longitudinal shift of the major = E gauge ’;’ij""”s
and 2010 (a) for all 64 tide gauge locations without amphidromic point in the central North Sea. Other indicators for this assumption are also Z;’aec‘;(’)"ce n
kriging, (b) along the entire North Sea coastline after the linear trends of the M, partial tide, shown in Fig. 5, which suggest a similar spatial |
applying the ordinary kriging algorithm (tide gauge pattern as tidal range trends. Nevertheless, changes in the M, tide tend to be a &
locations are circled in black), (c) for all 64 tide gauge : :
records before (blue) and after gap filling with magnitude smaller than the total tidal range changes. S
ordinary kriging (red).
Conclusions and Outlook 5
e There are spatial and temporal changes in the tidal range as measured by e The causes of these changes are assumed to be both local and basin-wide in character.
tide gauges in the North Sea, in particular after 1950. eIn a next step we will conduct sensitivity experiments with high-resolution 3D barotropic
e To fill data gaps and spatially map the observed changes, we apply and baroclinic modell runs.

Gaussian Process Regression (Kriging), which reduces both the total scatter
of linear trends between individual stations as well as the confidence
intervals of trends (Fig. 4 c).

e While the tidal range is rising significantly in the southeastern North Sea, it
is simultaneously falling along the eastern UK coastline and remains rather
neutral around Belgium and Norway (Fig. 4 a and b).
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e These developments suggest a longitudal shift of the major amphidromic Resea rchGate!
point (also visible in the dominant M, tide).
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